Bacterial wilt of tomato is a devastating disease incited by Ralstonia solanacearum (KK2) causing heavy yield loss in India. The antagonist Pseudomonas fluorescens (TNAU PF1) was characterized for antibacterial ability against the bacterial wilt pathogen. Thin-layer chromatography (TLC) identified six distinct antibiotics in crude metabolite of TNAU PF1 strain. The crude antibiotics and the antibiotics 2,4-diacetylphloroglucinol and Phenazine of TNAU PF1 showed best in vitro Original Research Article Nagendran et al.; IRJPAC, 20(2): 1-10, 2019; Article no.IRJPAC.52090 2 antibacterial activity against the bacterial wilt pathogen R. solanacearum. The ability of crude antibiotics in inhibiting Ralstonia colonies was higher than the individual antibiotics (2,4diacetylphloroglucinol and Phenazine) under in vitro. Further, GC-MS analysis of the semi-purified crude extract of Pseudomonas fluorescens (TNAU PF1) identified six antibacterial compounds viz., Phloroglucinol dimethyl ether, Patulin, Hemipyocyanin, Phthalic acid, butyl 2-pentyl ester, Phenazine and 1-Phenazinecarboxylic acid that would be synergistically inhibited the colony multiplication of the pathogen. The study emphasized the antagonistic activity of the Pseudomonas fluorescens (TNAU PF1) for the management of bacterial wilt disease.
INTRODUCTION
In the natural environment, plants are continuously threatened by various biotic and abiotic stresses. Tomato (Lycopersicum esculentum Mill.) is one of the most economically important crops worldwide; yet, it is infected over 200 plant pathogens that cause a great reduction in the yield and ensuing lethal effect to the plants. Among the plant pathogens Ralstonia solanacearum (Smith) Yabuuchi et al. are highly destructive pathogens of both greenhouse and field-grown tomatoes causing bacterial wilt diseases [1] . The bacterial wilt of tomato caused by R. solanacearum (formerly called Pseudomonas solanacearum) was among the first diseases proved to be caused by a bacterial pathogen [2] . R. solanacearum was considered a 'species complex' due to significant variation within the group [3] . It attacks almost 450 plant species in 54 different plant families [4] . The disease has been reported from mostly in coastal, hilly, as well as foothills areas, including Goa, Karnataka, Kerala, Maharashtra, Odisha, Jharkhand, West Bengal, Himachal Pradesh, Jammu & Kashmir, Uttarakhand and northeastern states [5] . The disease causes very heavy losses, varying from 2 to 90 per cent in different agro-climatic conditions in India. The pathogen survives in soil for days to years and very difficult to control the disease [6] .
However, the major component used in integrated pest management (IPM) studies was chemical pesticides. The residual impact of chemical pesticides in soil and water has mandated the search for alternative approaches to plant disease management [7] . The implementation of biological control technology used individually or with other IPM components has been a promising strategy for the replacement of chemicals fungicides [8] . Among the promising biocontrol agents, the Plant growth-promoting rhizobacteria (PGPR) has attracted the attention of researchers in controlling various soil-borne diseases and promoting plant growth. The PGPR that can rapidly colonize the rhizosphere suppress the growth of phytopathogens by rhizosphere effect [9] . Among the PGPR, some strains of the genus Pseudomonas has been reported to show antagonistic effect against bacterial wilt pathogens worldwide. They are known to enhance plant growth and reduce the severity of many plant diseases [10, 11] . The main mechanism behind the antagonistic nature of Pseudomonas is the production of several secondary metabolites including antibiotics, siderophores and hydrogen cyanide [12] . Root associated fluorescent pseudomonads produce a wide range of secondary metabolites which are inhibitory to several serious plant pathogens. The ability of Pseudomonas fluorescens to suppress soil-borne fungal pathogens depends on their ability to produce antibiotic metabolites such as pyoluteorin, pyrrolnitrin, phenazine 1-carboxylic acid, 2,4-diacetylphloroglucinol (DAPG), hydrogen cyanide, kanosamine, pyocyanin and viscosinamide [13] .
There are numerous reports of the production of antibiotic compounds by Pseudomonas spp. Some of these antibiotics have been characterized chemically [14] . One of these metabolites DAPG is a major factor in the biological control of a range of plant pathogens [15] . Howell and Stipanovic, [16] provided evidence that different isolates of P. fluorescens were antagonistic to pathogens of cotton seedlings because of the production of the antibiotics pyrrolnitrin and pyoluteorin. Another antibiotic, produced by a Pseudomonas strain that was able to suppress take-all in wheat, was identified as a dimer of phenazine-1-carboxylate [17] . Biocontrol activity by phenazines is connected with their ability to undergo oxidationreduction transformations thus causing the accumulation of toxic superoxide radicals in the target cells.
Pseudomonas is also a major group of rhizobacteria that aggressively colonize plant roots. Biological control has been considered as an important group for sustainable agriculture; thus, the screening of such bacteria for bio fertilizing and biocontrol properties made the subject of interest. Only a few reports and study has been conducted on the antibiotic nature of Pseudomonas against the bacterial wilt disease. In this paper, we described the identification and characterization of antibiotics produced by the Pseudomonas fluorescens strain TNAU PF1 and their preliminary characterization of the antagonistic mechanism against bacterial phytopathogen R. solanacearum. To our knowledge, this is the first demonstration in Tamil Nadu analyzing the antibiosis of P. fluorescens against the bacterial wilt pathogen R. solanacearum infecting tomato.
MATERIALS AND METHODS

The Bacterial Strains
The R. solanacearum strain KK2 was isolated from the wilted tomato plants collected from the farmer's field at Kinathukadavu (10.8225° N, 77.0161° E), India. The authenticated Pseudomonas fluorescens culture TNAU PF1 (Accession No. ITCC BE0005) strain was obtained from a culture collection, Department of Plant Pathology, TNAU, India.
Molecular Characterization of Ralstonia solanacearum
The genomic DNA of the virulent strain of Ralstonia solanacearum (KK2) was isolated using the standard protocol reported by Sivapriya and Kumar [18] . The strain KK2 was identified as bacteria by amplification of 16S rRNA gene using universal primers FD1and RP2 (~1500 bp) ( Fig.  1 ). The amplicons were sequenced in Eurofins Genomics India Pvt. Ltd and partial 16S rRNA sequence analysis (~1500 bp) was done with the homology of 99 per cent. Nucleotide sequence data of the strain were compared along with the sequences of other Ralstonia spp. obtained from NCBI database. Based on the similarity index of the strain KK2 of Ralstonia solanacearum was phylogenetically affiliated to the genus Ralstonia and was closely related to Ralstonia solanacearum by showing sequence similarity greater than 90 per cent. The nucleotide sequence of KK2 strain was submitted to Genebank NCBI and obtained accession number for KK2 strain of Ralstonia solanacearum (MH666127.1). 
Fig. 1. PCR amplification of 16S rRNA region using universal primers
Extraction of crude antibiotics
Antimicrobial crude antibiotics were extracted from a 5 day-old culture of P. fluorescens strain TNAU PF1 grown in 100 ml King`s B broth [19] . Three replications were maintained. The cultures were centrifuged at 7000 rpm for 10 min, the supernatant of each replicate was acidified to pH 2. After extraction with an equal volume of HPLC grade ethyl acetate, the organic layer was decanted and evaporated. Extracts were resuspended in 1.5 ml HPLC grade methanol [20] . The crude methanol extract 25 µl was spotted on silica thin-layer chromatography (TLC) (Merck, Silica gel 60 F254, Germany) and developed by Isopropanol: Ammonia: Water (8:1:1 v/v/v) and observed under UV light (254 nm). For each spot, the R f values were calculated and identified. The retention factor or R f was calculated using the following formula: R f = The distance travelled by the compound (Cm) / The distance travelled by the solvent (Cm)
The distinct factions of specific antibiotics viz., 2, 4 diacetylphloroglucinol (DAPG) and Phenazine (Phenazine 1-carboxylic acid) were recovered in 1 mL sterile double distilled water (50 µg/mL) and tested for antibacterial activity against R. solanacearum.
Effect of antibiotics on the colony multiplication of R. solanacearum
To study the antibiosis systematically, CPG (Casein-1 g, Peptone-10 g, Glucose-5 g, Agar-20 g and Distilled water-1000 ml) agar medium was allowed to solidify and 400 µl of 48 hours old R. solanacearum suspension (10 8 cfu/ml) was evenly spread on the medium using sterile L-rod to make lawn of pathogenic bacterial colonies. The agar well diffusion assay [21] was used to determine the antagonistic activity of antibiotic compounds. A well (5 mm in diameter) was made by punching the agar with a sterile cork borer on the corner of the plate in three places with equal distance. Then purified antibiotic compounds viz., Crude antibiotics, 2, 4-diacetyl phloroglucinol (DAPG) and Phenazine from P. fluorescens strain TNAU PF1 was decanted into each well at the rate of 50 µl per well and incubated for 72 h at 28 ± 2°C. The wells decanted with 50 µl of sterile Milli-Q water served as control. The inoculated Petri plates were kept at 28 ± 2°C for 72 h and allowed to form an inhibition zone.
Completely randomized design (CRD) with three replications was used. The average diameter of the inhibition zones after 72 h of incubation was used as a measure of antagonism [22] .
Gas chromatographic analysis of antibiotics
The GC-MS analysis of the crude extract of TNAU PF1 was performed with 1 µl of the sample volume in the split and splitless injection mode using a "PERKIN ELMER CLARUS SQ8C" Gas chromatograph. This analysis was performed with the DB-5 MS column (30 m x 0.25 mm, 0.25 µm film thickness). The temperature was programmed at 30°C (1 min), 230°C (20 min) at a rate of 4°C per minute. The detector was heated at 250°C, injector at 230°C. Helium was used as carrier gas at 5Psi pressure. Mass spectra were obtained by ionization at 70eV. Spectra were recorded and processed with the NIST software.
Identification of Metabolites
Different metabolites were identified from the crude extract of TNAU PF1 which were reported to have antibacterial activity was tentatively identified as the top five spectral hits with the NIST-05 (National Institute of Standards Technology. Palisade Corp., NY [23] libraries, using retention time as a reference. For each peak, the spectra of four replicates of treatment were compared and matched with that of NIST spectra analytes with good match factor (>60%) were considered and tentatively identified.
Statistical Analysis
Lab experiments were carried out under Completely Randomized Block Design (CRD).
One-way analysis of variance (ANOVA) was performed to identify the significant difference between the treatments and the means were separated by Duncan`s multiple range tests (DMRT).
RESULTS AND DISCUSSION
Previous studies have presented the antibiotic effect of Pseudomonas secondary metabolites against various bacterial pathogens [24, 25, 26, 27] . Few studies have related antibiotics of Pseudomonas in managing the bacterial plant pathogens of tomato, however, some authors have studied the control of other diseases such as Pseudomonas sp. as a biocontrol agent of Xanthomonas campestris pv. vesicatoria and Xanthomonas vesicatoria in tomato [28] . In the present study, we evaluated the effect of secondary metabolites (crude antibiotics, DAPG & phenazine) produced by P. fluorescens TNAU PF1 strain, semi-purified fractions on bacterial wilt pathogen R. solanacearum infecting tomato and we identified the active pure compounds in crude antibiotics through TLC and GC-MS. In TLC analysis, the crude antibiotics produced several spots on TLC plates in all the three replications when visualized under UV light (254nm). The specific R f values of each spot were calculated and presented ( Fig. 2 ; Table 1 ).
The Rf values obtained have been compared with the previous studies presented in the Table  1 Based on the R f values obtained the results indicated the presence of six individual compounds in the crude metabolite. Based on the report by Prabhukarthikeyan and Raguchander [13] the antimicrobial compounds 2,4-diacetyl phloroglucinol (R f 0.88) and phenazines (0.57) was identified. For further confirmation on identified two antimicrobial compounds, the compounds were extracted separately and identified through TLC separately. Our finding was in agreement with the studies on antifungal metabolites of Pseudomonas fluorescens against Pythium aphanidermatum [13] . Similarly, Kavitha et al. [30] reported that the presence of phenazine through TLC. The plates were developed in isopropanol: ammonia: water (8: 1: 1). Distinct spots appeared on the developed TLC plate with an R f value of 0.57 for P. chlororaphis isolate PA23. Rosales et al. [32] reported that P. fluorescens 2 to 79 produced phenazine with an R f value of 0.50. Likewise, the R f value of 0.83 was identified as pyocyanin [29] . Baron and Rowe [33] found R f value of pyocyanin (0.71) by eluting with chloroform solvent on TLC.
Fig. 2. Compounds detected in crude metabolites of Pseudomonas fluorescens (TNAU PF1) using TLC
The crude antibiotics of P. fluorescens strain TNAU PF1 tested for their antibacterial action against R. solanacearum strain KK2. The crude antibiotic separated from P. fluorescens strain TNAU PF1 inhibited the colony development of R. solanacearum by forming the colony inhibition zone (28 mm) around the agar wells over the untreated control. Subsequently the effect of DAPG and Phenazine antibiotic of P. fluorescens strain TNAU PF1 produced identical antagonistic activity on R. solanacearum colony by forming inhibition zone (15.6 & 10.6 mm respectively) over the control (Fig. 3 , Table 2 ). Recent studies have indicated that biological control of bacterial wilt disease could be possible using antagonistic bacteria. The genus Pseudomonas had been reported to produce antimicrobial activity against several bacterial plant pathogens. Our results of bio-efficacy revealed that, the secondary metabolites extracted from TNAU PF1 strain such as crude antibiotics, 2, 4-DAPG and phenazine parades antibacterial effect against the tomato bacterial wilt pathogen R. solanacearum strain KK2 under in vitro. The crude metabolite was more effective against R. solanacearum than the compounds like 2, 4-DAPG and phenazine tested independently. This may due to the synergistic effect of the different compounds in crude antibiotics. Similarly, Rhitu et al. [34] found that the antagonistic potential of Pseudomonas protegans (RS-9) can be attributed to the production of a variety of antibacterial compounds viz., 2, 4-DAPG, HCN, pyrrolnitrin and pyoluteorin that might be active synergistically or distinctly in defence against various plant pathogens. Further, HPLC analysis revealed 2, 4-DAPG as the key compound for inhibition of R. solanacearum. Antibiotics produced by Pseudomonas cepacia strain RB425 obtained from a lettuce root were shown to be similar or identical to pyrrolnitrin and two kinds of pseudane, 2-(2-heptenyl)-3-methyl-4quinolinol and 2-(2-nonenyl)-3-methyl-4-quinoIinol based on U.V., I.R., NMR and mass spectra analysis was against soil-borne plant pathogens [35] . The metabolites such as pyoluteorin, pyrrolnitrin, phenazines and 2,4diacetyl phloroglucinol were harmful to the growth or metabolic activities of another pathogenic microorganism [36] .
The antibiotics produced by Pseudomonas fluorescens strain TNAU PF1 was detected through GC-MS analysis and identified manually using the NIST database. Of the total metabolites, the nonvolatile compounds like Phloroglucinol dimethyl ether, Hemipyocyanin, Phthalic acid, Butyl 2-pentyl ester, Phenazine and 1-Phenazinecarboxylic acid were identified to have antibacterial activity against bacterial plant pathogens ( Fig. 4 ; Table 3 ). The antibiotics identified in GC-MS analysis were found to be produce antibacterial activity against gramnegative and gram-positive bacterial pathogens. A similar study was conducted by Hussein and Atia [29] proved the presence of Hemipyocyanin and Phenazine by GC-MS analysis. Tiantian et al. [37] confirmed that Pseudomonas brassicacearum J12 produced 2,4-DAPG by HPLC and MS that was responsible for the antibacterial activity against R. solanacearum. Our study demonstrated that phenazine was found to antibacterial in nature against the bacterial wilt pathogen R. solanacearum. Phenazines constitute a large group of nitrogencontaining heterocyclic compounds produced by bacteria and show an ability to handle ROS, contribute to biofilm formation, cell adhesion and enhance bacterial survival, among other activities [38]. Cardozo et al. [26] Antibiotics produced by different PGPR have a broad-spectrum activity [36] . The antimicrobial metabolites produced by the biocontrol agent or the ability to induce antimicrobial compounds in plants are the important factors to be considered to scrutinize the potential biocontrol agent. Many research groups are actively trying to find metabolite(s) produced by biocontrol agents or induced by them in plants, and that will suppress particular diseases [12] . The crude metabolites extracted from the P. fluorescens Antibiotics produced by different PGPR have a spectrum activity [36] . The antimicrobial metabolites produced by the biocontrol agent or the ability to induce antimicrobial compounds in plants are the important factors to be considered he potential biocontrol agent. Many research groups are actively trying to find metabolite(s) produced by biocontrol agents or induced by them in plants, and that will suppress particular diseases [12] . The crude metabolites (TNAU PF1) contains all the secondary metabolites produced during the stationary phase. The individual compounds in secondary metabolites may produce antimicrobial activity against the bacterial wilt pathogen R. solanacearum which inhibited the bacterial colony multiplication in vitro. Our findings indicated that most of the potential Pseudomonas strains produce antibiotic compounds that inhibit the pathogen colonization and reduce the disease severity. [45] contains all the secondary metabolites produced during the stationary phase. The individual compounds in secondary metabolites may produce antimicrobial activity against the R. solanacearum the bacterial colony multiplication Our findings indicated that most strains produce antibiotic compounds that inhibit the pathogen colonization and reduce the disease 
CONCLUSION
Our findings showed that the P. fluorescens strain TNAU PF1 found to have highest antagonistic potential against the bacterial wilt pathogen R. solanacearum under in vitro The P. fluorescens strain TNAU PF1 produces antibacterial metabolites like Phloroglucinol dimethyl ether, Patulin, Hemipyocyanin, Phth acid butyl 2-pentyl ester, Phenazine, 1 Phenazinecarboxylic acid that synergistically effective against the colony multiplication and can suppress the bacterial colony prevalence in the infected field. Thus, considering the antibacterial activity of P fluorescens against R. solanacearum PF1 strain can be a good biocontrol agent for the management of bacterial wilt disease.
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Pseudomonas fluorescens (TNAU PF1) P. fluorescens found to have highest antagonistic potential against the bacterial wilt in vitro studies. strain TNAU PF1 produces antibacterial metabolites like Phloroglucinol dimethyl ether, Patulin, Hemipyocyanin, Phthalic pentyl ester, Phenazine, 1-Phenazinecarboxylic acid that synergistically effective against the colony multiplication and can suppress the bacterial colony prevalence in the infected field. Thus, considering the Pseudomonas R. solanacearum, the TNAU PF1 strain can be a good biocontrol agent for the management of bacterial wilt disease.
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